As under-reporting of dietary intake, particularly by overweight and obese subjects, is common in dietary surveys, biases inherent in the use of self-reported dietary information may distort true diet -obesity relationships or even create spurious ones. However, empirical evidence of this possibility is limited. The present cross-sectional study compared the relationships of 24 h urine-derived and self-reported intakes of Na, K and protein with obesity. A total of 1043 Japanese women aged 18-22 years completed a 24 h urine collection and a selfadministered diet history questionnaire. After adjustment for potential confounders, 24 h urine-derived Na intake was associated with a higher risk of general obesity (BMI $25 kg/m 2 ) and abdominal obesity (waist circumference $80 cm; both P for trend¼ 0·04). For 24 h urine-derived protein intake, positive associations with general and abdominal obesity were observed (P for trend¼0·02 and 0·053, respectively). For 24 h urine-derived K intake, there was an inverse association with abdominal obesity (P for trend¼0·01). Conversely, when self-reported dietary information was used, only inverse associations between K intake and general and abdominal obesity were observed (P for trend¼ 0·04 and 0·02, respectively), with no associations of Na or protein intake. In conclusion, we found positive associations of Na and protein intakes and inverse associations of K intake with obesity when using 24 h urinary excretion for estimating dietary intakes. However, no association was observed based on using self-reported dietary intakes, except for inverse association of K intake, suggesting that the ability of self-reported dietary information using the diet history questionnaire for investigating diet-obesity relationships is limited.
Although accurate assessment of habitual dietary intake is a prerequisite in studies of diet and health, the difficulty of obtaining dietary data that accurately represents what people usually eat is now generally acknowledged (1) . Misreporting, particularly under-reporting, of energy intake, a surrogate measure of total food intake, by a variety of dietary assessment methods relative to total energy expenditure measured by the doubly labelled water method, the gold standard for measuring free-living total energy expenditure, is common (2, 3) . Additionally, misreporting of energy intake within a population might not be random, but might rather occur systematically within certain groups of the population (1 -4) . In particular, overweight and obese subjects tend to underreport energy intake to a greater extent than lean subjects (1 -5) .
Unfortunately, a potential solution to under-reporting, such as energy adjustment, is hindered by what appears to be a selective reporting of various nutrients and foods (4) . For example, protein is usually not under-reported to the same degree as carbohydrates and fats (2,4,6 -8) , and between-meal snacks and foods considered to be unhealthy seem to be under-reported to a greater extent than those considered to be healthy (1, 3, 4, 8) . Thus, biases inherent in the use of self-reported dietary information may distort or obscure the associations between diet and health, particularly obesity, or even create spurious ones. However, investigation of this possibility with the use of dietary biomarkers, such as 24 h urinary excretion of N (protein), Na and K (9 -11) , is limited. In infants, for example, it has been found that a high intake of protein from complementary feeding is associated with a higher risk of developing obesity, possibly because of the interplay with insulin-like growth factor-1 (12) . Such mechanisms could contribute to gain in fat mass with greater habitual protein intake in adults (13) . In a small study in middle-aged men and women in Denmark, both protein intake estimated from 24 h urinary N excretion and self-reported protein intake were associated with greater weight gain after 6 years (13) . However, the authors did not examine other nutrients including Na and K (13) , whose effect on obesity are now being investigated (14 -20) . For Na, a mechanism not triggered by increased energy intake has been proposed by an animal study, where a high consumption of salt contributed to development of obesity among rats (21) . The increase in adipose tissue mass is suggested to be caused by an increased capacity to incorporate glucose into lipids, and a higher lipogenic enzymatic activity may have promoted adipocyte hypertrophy and then excessive fat accumulation (21) . A higher intake of K may also be associated with a lower risk of obesity mainly due to higher intakes of fruits and vegetables, the major sources of K (22) , although the effect of fruits and vegetables on obesity is controversial (23) . A very limited number of studies have shown associations between either self-reported or 24 h urine-derived intakes of Na and K with body fatness measures; however, no investigation has been done on the basis of using both self-reported and 24 h urine-derived estimates simultaneously (14 -20) .
Therefore, using 24 h urinary excretions of Na, K and N (protein) as established quantitative biomarkers of intakes of these nutrients (9 -11) , we compared the relationships of 24 h urine-derived and self-reported intakes of Na, K and protein with general and abdominal obesity in a relatively large sample of young Japanese women. We hypothesised that the expected associations of Na, K and protein intakes with obesity are observed only when using 24 h urinary excretion for estimating dietary intakes, but not based on using self-reported dietary intakes, because of obesity-related biases in self-reported dietary information.
Subjects and methods

Study population
The present cross-sectional study was based on a survey conducted from February to March 2006 and from January to March 2007 among female dietetic students from fifteen higher-education institutions in Japan. Details of the study design and survey procedure have been described elsewhere (22, 24, 25) . Of the 1176 Japanese women who took part in the survey (response rate 56 %), 1105 conducted the 24 h urine collection. For the analysis, we selected women aged 18 -22 years (n 1083). We then excluded those with missing information on the variables used (n 5). We further excluded those whose 24 h urine collection was considered incomplete (n 35), as assessed using the information on urinary creatinine excretion and body weight based on a strategy proposed by Knuiman et al. (26) . This creatinine-based strategy has been validated against the para-aminobenzoic acid (PABA) check method in a subsample (n 654) of the present subjects (% of subjects having incomplete urine collection 5·5 %; sensitivity 0·47; specificity 0·99; % of subjects misclassified 4 %) (24) . Since exclusion of underweight subjects (BMI , 18·5 kg/m 2 , n 118) (27) did not alter the findings of the present study (data not shown), these subjects were also included in the analysis, giving a final sample size of 1043 women.
The present study was conducted according to the guidelines laid down in the Declaration of Helsinki, and all procedures involving human subjects were approved by the ethics committee of the National Institute of Health and Nutrition, Japan. Written informed consent was obtained from each subject and also from a parent/guardian for subjects , 20 years old.
Anthropometric measurements
Body height (to the nearest 0·1 cm) and weight (to the nearest 0·1 kg) were measured while subjects were wearing lightweight indoor clothes only, without shoes. BMI (kg/m 2 ) was calculated as weight (in kg) divided by height (in m) squared. Waist circumference (WC) was measured at the level of the umbilicus (to the nearest 0·1 cm) at the end of a normal respiration while the subject was standing erect and with the arms at the side and the feet together. General obesity was defined as BMI $ 25 kg/m 2 while abdominal obesity was defined as WC $ 80 cm, based on cut-off points for Asian women according to the WHO (27) .
h Urine-derived dietary intake
A single 24 h urine sample was collected from each subject. A detailed description of the 24 h urine collection procedure has been published elsewhere (22, 24, 25) . Briefly, subjects were asked to collect all urine voided during a 24 h period, and to record the time of the start and end of the collection period, and the estimated volume of any missing urine specimens. The 24 h urine volume was adjusted by selfreported collection time (calculated from the self-reported time of the start and end of the collection period) and missing urine volume. This adjustment strategy has been validated using the PABA check method in a subsample (n 654) of the present subjects (24) . All urine samples taken over the 24 h period were carefully mixed, and several aliquots were taken and transported at 2208C to a laboratory (SRL, Inc. in 2006 and Mitsubishi Kagaku Bio-Clinical Laboratories, Inc. in 2007). In accordance with the standard procedure at each laboratory, urea N concentrations were measured using the enzymatic assay method, Na and K concentrations using the ion-selective electrode method and creatinine concentrations using the enzymatic assay method.
Total 24 h urinary excretion was calculated by multiplying the measured concentration by the (adjusted) volume of 24 h urine. To estimate 24 h urine-derived intake of protein, urea N content in urine was multiplied by 9·08, assuming that urea N is in constant proportion (85 %) to total urinary N (9) , that 81 % of ingested N is excreted through the urine (9) and that N constitutes 16 % of protein. The 24 h urine-derived intakes of Na and K were, respectively, estimated as Na content in urine divided by 0·86 (assuming that 86 % of ingested Na is excreted through the urine) (10) and K content in urine divided by 0·77 (assuming that 77 % of ingested K is excreted through the urine) (11) . Energy adjustment based on the density method (% of energy for protein and mg/4184 kJ for Na and K) was made using estimated energy requirement (i.e. total energy expenditure during weight stability), which was calculated with the use of sex-and age-specific equation published from the US Dietary Reference Intakes (28) , based on age, weight, height and self-reported physical activity (22) .
Self-reported dietary intake
Self-reported information on dietary habits during the preceding month was obtained using a comprehensive selfadministered diet history questionnaire (DHQ) (29 -32) , which was conducted 1 -3 d before conducting 24 h urine collection and anthropometric measurements. Details of the structure of DHQ and calculation method of dietary intake have been published elsewhere (29 -32) . Briefly, the DHQ is a structured sixteen-page questionnaire that asks about the consumption frequency and portion size of selected foods commonly consumed in Japan, as well as general dietary behaviour and usual cooking methods. Estimates of daily intake for foods (150 items in total), energy, protein, Na and K were calculated using an ad hoc computer algorithm for the DHQ based on the Standard Tables of Food Composition in Japan (33) . Energy adjustment was made using self-reported energy intake based on the density method. Validity on the DHQ with respect to commonly studied nutritional factors has been investigated in several previous studies (29 -32) . For example, Pearson's correlation coefficients were 0·52 for protein, 0·53 for K and 0·39 for Na between the DHQ and 16-d weighed dietary record in ninety-two women aged 31 -69 years (31) , and 0·40 for K and 0·23 for Na between the DHQ and 24 h urinary excretion in sixty-nine female college students (29) . Further, Pearson's correlation coefficient between energy intake derived from the DHQ and total energy expenditure measured by the doubly labelled water was 0·22 in seventy-three women aged 20 -59 years (30) .
Other variables
Based on the reported home address, each subject was grouped into one of the three regions (north (Kanto, Hokkaido and Tohoku); central (Tokai, Hokuriku and Kinki); or south (Kyushu and Chugoku)) and into one of the three municipality levels (ward (i.e. metropolitan area), city or town and village). Residential status (living with family, living alone or living with others), current alcohol drinking (yes or no) and current smoking status (yes or no) were also self-reported. Physical activity was computed as the average metabolic equivalent hours score per day on the basis of the self-reported frequency and duration of five activities (sleeping, high-and moderate-intensity activities, walking and sedentary activities) over the preceding month (22) .
Statistical analyses
All statistical analyses were performed using SAS statistical software (version 9.2; SAS Institute, Inc.). The 24 h urine-derived and self-reported intakes of Na, K and protein were categorised at quartile points based on the distribution. With the use of the PROC GLM procedure, multivariate-adjusted means (with standard errors) of BMI and WC were calculated according to the quartiles of dietary intakes. Further, using the PROC LOGISTIC procedure, multivariate-adjusted OR (95 % CI) for general and abdominal obesity were calculated for each quartiles of dietary intakes, with the lowest quartile category used as the reference. We tested for linear trends with increasing levels of dietary intakes by assigning each subject the median value for the category and modelling this value as a continuous variable. The potential confounding factors considered were survey year, region, municipality level, residential status, current alcohol drinking, current smoking status, physical activity and 24 h urine-derived or self-reported intakes of other nutrients. All reported P values are two-tailed, and P values ,0·05 were considered statistically significant.
Results
The mean values of BMI and WC were 21·2 kg/m 2 and 72·7 cm, respectively ( Table 1 ). The mean daily values of 24 h urine-derived and self-reported dietary intakes were 1962 and 2055 mg/4184 kJ for Na, 1144 and 1114 mg/4184 kJ for K and 14·0 and 13·5 % of energy from protein, respectively. Pearson's correlation coefficients between 24 h urine-derived and self-reported intakes were 0·08 for Na, 0·28 for K and 0·20 for protein. The prevalence of general and abdominal obesity was 7·7 and 13·0 %, respectively. Subjects with general obesity were less likely to live alone and more likely to live with others. There were more subjects defined as abdominally obese in the regions of north and south, with fewer in the region of central. No difference in self-reported energy intake was observed between obese (general or abdominal) subjects and their non-obese counterparts. Both general and abdominal obese subjects had a higher mean value of estimated energy requirement and 24 h urine-derived Na intake. Abdominal obese subjects also had a lower mean value of self-reported intakes of all the three nutrients.
There were positive associations among 24 h urine-derived intakes of all the three nutrients (Pearson's correlation coefficient: 0·35 for Na and K; 0·47 for Na and protein; 0·55 for K and protein; Table 2 ). Additionally, 24 h urine-derived intakes of all the three nutrients were associated with survey year, region and residential status. The higher quartile of intakes included more subjects in the 2007 survey; more subjects in the region of central and fewer in the region of north (except K); and more subjects living with family and fewer living alone (protein only). The 24 h urine-derived intakes also showed a positive association with current alcohol drinking and inverse associations with current smoking status (protein only) and physical activity.
As was the case in 24 h urine-derived intakes, there were positive associations between self-reported intakes of all the three nutrients (Pearson's correlation coefficient: 0·31 for Na and K; 0·41 for Na and protein; 0·63 for K and protein; Table 3 ). Further, self-reported intakes of all the three nutrients were associated with survey year, region, municipality level and residential status. The higher quartiles of intakes included more subjects in the 2006 survey; more subjects in the region of north and fewer in the region of south; more subjects living in wards and fewer living in towns and villages (protein only); and more subjects living with family and fewer living alone. Self-reported protein intake was also inversely associated with current smoking status.
After adjustment for potential confounding variables, 24 h urine-derived Na intake was positively associated with BMI (P for trend¼ 0·005) but not with WC ( Table 4 ). The 24 h urine-derived protein intake also showed independent positive associations with both BMI (P for trend¼0·0008) and WC (P for trend¼0·02). Conversely, 24 h urine-derived K intake was independently and inversely associated with both BMI (P for trend¼0·03) and WC (P for trend¼ 0·04). When self-reported dietary intakes were examined, intakes of Na and protein were not associated with BMI or WC. However, self-reported K intake showed independent and inverse associations with BMI (P for trend¼0·009) and WC (P for trend¼0·001).
Independent associations of Na, K and protein intakes with general and abdominal obesity are summarised in Table 5 . The 24 h urine-derived Na intake was associated with a higher risk of both general (adjusted OR between extreme quartiles 2·49; 95 % CI 1·15, 5·42; P for trend¼0·04) and abdominal (adjusted OR 1·77; 95 % CI 1·00, 3·16; P for trend¼0·04) obesity. Similarly, 24 h urine-derived protein intake showed positive associations with both general (adjusted OR 2·95; 95 % CI 1·21, 7·22; P for trend¼0·02) and abdominal (adjusted OR 1·97; 95 % CI 1·02, 3·83; P for trend¼0·053) obesity. Conversely, 24 h urine-derived K intake was inversely associated with abdominal obesity only (adjusted OR 0·46; 95 % CI 0·25, 0·87; P for trend¼0·01). When self-reported information was used to estimate dietary intakes, Na and protein intakes were not associated with both general and abdominal obesity. However, self-reported K intake was associated with a lower risk of both general (adjusted OR 0·39; 95 % CI 0·17, 0·92; P for trend¼0·04) and abdominal (adjusted OR 0·48; 95 % CI: 0·24, 0·93; P for trend¼0·02) obesity.
Discussion
To our knowledge, this is the first study to investigate the ability of self-reported estimates of dietary intakes of Na, K and protein to detect an association with obesity, by comparison with the corresponding estimates derived from 24 h urinary excretion. When 24 h urinary excretion was used for estimating dietary intakes, we found the positive associations of Na and protein intakes with both general and abdominal obesity and the inverse association of K with abdominal obesity in a group of young Japanese women. However, no association was observed based on using self-reported dietary intakes, except for inverse associations between K intake and general and abdominal obesity. These results suggest that the ability of self-reported information using the DHQ, at least for , municipality level (ward, city, or town and village), residential status (living with family, living alone or living with others), current alcohol drinking (yes or no), current smoking status (yes or no), physical activity (total metabolic equivalents-h/d, continuous), and 24 h urine-derived or self-reported intakes of the other two nutrients (continuous). § Energy adjustment was made using self-reported energy intake.
estimating Na and protein intakes in terms of investigating diet-obesity relationships, is limited.
Only a limited number of studies have investigated the dietary intakes of protein, Na and K in relation to body fatness. Self-reported protein intake was positively associated with subsequent weight gain in two very large prospective studies in European countries (34, 35) . Very recently, a small study in middle-aged Danish men and women has shown that both self-reported and 24 h urine-derived protein intakes are associated with greater weight gain (13) . Consistent with these studies, we found positive associations between 24 h urinederived protein intake and general and abdominal obesity. For Na, self-reported intake was cross-sectionally associated with a higher risk of obesity in Korean children and adults, independent of energy intake (14) . The 24 h urinary excretion was cross-sectionally associated with higher BMI in young Swedish men (15) and higher BMI and WC in middle-aged men and women in Venezuela (16) , although no adjustment was made in these two studies. In a study in German children and adolescents, higher 24 h Na excretion was associated with (27) . † Logistic regression models were used with the median value in each quartile category of dietary intake as a continuous variable in logistic regression. ‡ Energy adjustment was made using estimated energy requirement. § Adjusted for survey year (2006 or 2007), region (north, central or south), municipality level (ward, city, or town and village), residential status (living with family, living alone or living with others), current alcohol drinking (yes or no), current smoking status (yes or no), physical activity (total metabolic equivalents-h/d, continuous) and 24 h urine-derived or self-reported intakes of other two nutrients (continuous). k Energy adjustment was made using self-reported energy intake. subsequent increase in body fat percentage after adjustment for sugar-sweetened beverages or energy intake (17) . In middle-aged Danish men and women, 24 h urinary excretion of Na was associated positively with change in fat mass and inversely with change in fat-free mass, independently of energy intake (18) . We also found that 24 h urine-derived Na intake was associated with a higher risk of general and abdominal obesity with energy adjustment. For K, we are not aware of studies where 24 h urinary K is investigated in relation to body fatness; however, self-reported K intake was inversely associated with abdominal obesity independent of energy and macronutrient intakes in a Korean national representative cross-sectional study (19) . Additionally, the ratio of urinary Na to K in a first-void morning urinary sample was cross-sectionally associated with lower percentage body fat in a multiethnic cohort in the USA (20) . We also found inverse associations between 24 h urine-derived and self-reported K intake and general (self-report only) and abdominal obesity, although the present study found no association between the ratio of Na to K and obesity (data not shown).
While all the three nutrients were associated with obesity when dietary intake was derived from 24 h urinary excretion, only K, but not Na and protein, was associated with obesity when self-reported dietary intake was used. This seems reasonable given the modest (although still low) correlation between 24 h urine-derived and self-reported intakes for K compared with very low correlations for Na and protein.
Additionally, as the validity of the DHQ has been examined mainly in adults (29 -32) , the validity of the instrument for assessing dietary intakes in young women is largely unknown. Further, the DHQ is not suitable for assessing Na intakes (29) , as are other dietary assessment questionnaires. In any case, the present findings highlight the difficulty in obtaining valid estimates of dietary intake (at least of some nutrients such as Na and protein) from self-reported dietary information using the DHQ as a basis for investigating diet-obesity relationships.
The strengths of the present study include the use of objective biomarkers for dietary intakes of Na, K and protein and measured anthropometric data in a relatively large sample. However, there are also several limitations. First, the crosssectional nature of the study does not permit the assessment of causality owing to the uncertain temporality of the association. Only a prospective study with the use of biomarkers or carefully taking into account dietary misreporting would provide better understanding of the relationship between dietary intakes of Na, K and protein and obesity. Second, the present results were based on a highly selected population of female dietetic students, who probably had a higher education level and greater knowledge of diet and nutrition than the general population. It is not clear how such characteristics affected the associations we observed here. Thus, the present findings may only be specific to the present population and may not be extrapolatable to the Japanese population in general. Third, obtaining a valid dietary intake derived from urine excretion requires that 24 h urine collection be complete. We, therefore, excluded participants whose 24 h urine collection was considered incomplete, as assessed based on a strategy (26) validated against the PABA check method (24) , as described above. Also, a repeated analysis in 601 women having complete urine assessed by PABA (PABA recovery $ 85 %) in a subsample (n 654) of the present participants provided similar results (data not shown). Although our use of only a single 24 h urine sample is not an optimal way to characterise individual habitual dietary intake and introduces random errors (36) , this kind of error would nevertheless tend to result in bias towards attenuating rather than enhancing the relationship, and multiple 24 h urine collections would have only provided more precise results. Fourth, concerns have been expressed regarding the precision of the correction factors used to estimate the dietary intakes from 24 h urine. Many factors may influence the percentage of dietary protein (N), K and Na excreted in the urine, including the absolute level of dietary intake, season during which the balance studies is conducted, race and cooking methods (37) . Here, we used correction factors observed in previous carefully designed balance studies (9 -11) . Fifth, 24 h urine-derived dietary intake was energy-adjusted using estimated energy requirement calculated based on an equation from the US Dietary Reference intakes (28) in addition to non-validated information on self-reported physical activity. Although the equation was developed based on a large number of measurements of total energy expenditure by the doubly labelled water method and is highly accurate, it is predominantly based on data from white populations (28) , and might, therefore, be inappropriate for the present Japanese population. Nonetheless, as we found the similar results when the associations between 24 h urine-derived intakes and obesity were examined without energy-adjustment (data not shown), any measurement error of estimated energy requirement would not have a major impact on the present findings. Sixth, self-reported dietary data were collected using a dietary assessment questionnaire (i.e. DHQ). Thus, the present findings might be specific to this dietary assessment questionnaire and should be interpreted in this context, and different dietary assessment methods may perform differently. It should also be emphasised that the DHQ and a 24 h urinary collection assess dietary intake over different time periods, namely in the previous month for the former and in the previous 1 d for the latter. Ideally, the associations between obesity and self-reported and biomarker-based intakes should be investigated over similar time frames for comparing them. Finally, although we adjusted for a variety of potential confounding variables, residual confounding could not be ruled out.
In conclusion, in this cross-sectional study in a group of young Japanese women, we showed positive associations between Na and protein intakes and general and abdominal obesity, and an inverse association between K intake and abdominal obesity when dietary intake was estimated on the basis of 24 h urinary excretion. Conversely, when self-reported information was used to estimate dietary intake, only associations between K and general and abdominal obesity were observed, with no association for Na and protein intakes, suggesting only limited ability of self-reported dietary intakes of, at least, Na and protein using the DHQ to detect diet-obesity associations. The present study highlights the need to critically evaluate self-reported dietary data in diet-obesity research as well as potential usefulness of even a single 24 h urine collection. Further research using a self-reported instrument and a biomarker with the same reference period (e.g. multiple 24 h recalls and multiple 24 h urinary collections) would be of interest.
